This study aimed to investigate the effect of Artemisia apiacea Hance supplementation on growth performance, cecal opportunistic bacteria, and antimicrobial defense using 120 rabbits. There were four experimental diets containing a control and A. apiacea Hance added at doses of 25, 50, and 75 g kg −1 of feed. The trial lasted for 70 days. The results showed that diets supplemented with A. apiacea Hance improved feed intake, body weight gain, and feed efficiency. Linear and quadratic responses were found between feed intake and herbal meal doses. For cecal opportunistic pathogenic bacteria, compared with the control treatment, the herb decreased cecal C. perfringens, Gram-negative bacteria, and Salmonella spp. by 9.5 to 56.8%. Linear responses of herb doses were found on the four bacteria and a quadratic response on Salmonella spp. In addition, the herb increased the mRNA levels by 12.6 to 57.8% of cecal defensive peptides, including neutrophil peptide defensing-3a, regenerating family member-3 gamma defensin beta-1, and galectin-4. These genes linearly responded to the herb doses. The obtained data suggest that A. apiacea Hance is effective to improve animal growth by beneficially regulating gut opportunistic bacteria and microbicidal peptide activity. How to cite: Ding, K.; Wang, J.; Liu, N. and Zhang, F. 2019. Effect of Artemisia apiacea Hance on growth performance, cecal opportunistic bacteria, and microbicidal peptides in rabbits. Revista Brasileira de Zootecnia 48:e20190118. which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. R. Bras. Zootec., 48:e20190118, 2019 Effect of Artemisia apiacea Hance on growth performance, cecal opportunistic bacteria, and microbicidal... Ding et al. 7
Introduction
Genus Artemisia consists of about 350 species, some of which, including Artemisia apiacea Hance, are widely used as herbal medicines against oxidation, inflammation, and immune and hepatic disease through their secondary metabolites, mainly including flavonoids and terpenoids (Lee et al., 2002 Pellicer et al., 2018) . In vitro or in rat studies found that fractions from A. apiacea Hance suppressed serum transaminase activity, malondialdehyde, and proinflammatory chemokine production Ryu et al., 2013; Yang et al., 2018) . In farm animals, dietary Artemisia vulgaris, Artemisia argyi, Artemisia annua, or their extracts showed a significant improvement in growth, antioxidation, antiinflammation, meat quality, and immune function (Wan et al., 2016 (Wan et al., , 2017 Zhang et al., 2017; Baghban-Kanani et al., 2019; Wang et al., 2019) .
Moreover, A. apiacea Hance was found effective against A. niger, C. albicans, B. subtilis, and S. aureus in vitro (Trinh et al., 2018) . Artemisia vulgaris regulated gut microbes including Lactobacilli, Bifidobacteria, E. coli, C. perfringens, and Salmonella in rabbits (Wang et al., 2019) . Additionally, gut epithelial antimicrobial peptides and proteins, such as alpha-or beta-defensins, calprotectin, Effect of Artemisia apiacea Hance on growth performance, cecal opportunistic bacteria, and microbicidal... Ding et al. 2 cathelicidins, C-type lectins, galectins, lipocalin, and peptidoglycan recognition proteins, have an essential role in allowing epithelial surfaces to cope with pathogenic microbial challenges (Gallo and Hooper, 2012) . The expression, secretion, and activity of most epithelial antimicrobial peptides are tightly controlled by a complex network of developmental, microbial, and nutritional signals (Gallo and Hooper, 2012) .
A. apiacea Hance extract, as a natural antimicrobial herb, is increasingly popular for humans. Considering its high yield and wide geographical distribution in wasteland and river beaches, hypothetically, A. apiacea Hance stem and leaf meal can be used as a natural and cost-effective growth-promoting additive for farm animals, especially herbivores. Furthermore, whether A. apiacea Hance phytochemicals regulate the activity of gut endogenous antibacterial peptides has not yet been elucidated.
The present study aimed to investigate the effect of supplemental A. apiacea Hance stem and leaf meal on growth performance, cecal opportunistic bacteria, and mRNA profiles of antimicrobial peptides of rabbits.
Material and Methods
The experimental protocol of the present study was approved by the local Institutional Committee for Animal Use and Ethics (No. 2018016 Table 2 ). Diets were fed as cold formed pellets (3.5×8.0 mm, diameter × length) with water contents under 140 g kg −1 . All diets were stored in a cool, dry, dark, and well-ventilated place. No antibiotics were used either in feed or water throughout the experiment.
One hundred twenty weaned male Rex rabbits at approximately 35 days old with initial body weight 751±3.62 g (mean±SD) were randomly assigned to the four dietary treatments. There were six replicates in a treatment and five rabbits housed in a continuous row cage consisting of five independent spaces (35×45 cm, length × width) as a replicate. All replicates were uniformly distributed in the rabbit house. The rabbits had free access to diet and water. The feeding trial lasted for 70 days. Rabbits and feed in each replicate were weighed at 35, 70, and 105 days old. Average daily feed intake (ADFI), average daily body weight gain (ADG), and feed conversion ratio (FCR) were immediately adjusted when mortality occurred. All rabbits were monitored for general health twice a day.
At the end of the trial, five rabbits per replicate were weighed, and then cecal content was collected and stored at −40 ℃ for gut microbe enumeration. The cecum was cleaned with phosphate-buffered saline (0 to 4 ℃), and 2 cm length of cecum was cut from proximal end and immediately stored in an RNAlater solution (Dalian TaKaRa Co., Ltd., Liaoning, China) for gene expression analysis.
Chemical analysis of proximate nutrients and minerals in A. apiacea Hance was carried out according to method by Zhang et al. (2018) . Total flavonoids in A. apiacea Hance were detected by Folin-Ciocalteu method (Fan et al., 2012) using gallic acid (Chinese National Institute for the Control of Pharmaceutical and Biological Products, Beijing, China) as a standard. For triterpenoid content detection, A. apiacea Hance (0.1 g) was measured and soaked in an ethanol-water solution at a 1:20 solid-liquid ratio. Triterpenoid was extracted by the ultrasonic method (100 W) using ethanol (80%) at 60 °C for 20 min. The supernatant was collected by centrifugation at 3,000 × g for 5 min, and then, the supernatant (0.16 mL) was pipetted into a tube and dried at 70 °C in water bath. Newly mixed vanillin-glacial acetic acid solution (0.2 mL, 5%) and perchlorate (0.8 mL) were added and mixed. The solution was heated and reacted in 70 °C water bath for 20 min and then rapidly cooled. The solution volume was adjusted to 10 mL with ethyl acetate. Absorptions for flavonoids and triterpenoids were measured at 765 and 551 nm, respectively, using a Varian Carys 3C spectrophotometer (Varian Analytical Instruments, Harbor City, California, USA). Total flavonoid and triterpenoid contents were expressed as equivalent in g kg −1 of dry matter.
Each cecal content (1 g) was diluted with sterile buffered peptone water (0.1%, 9 mL, 0-4 ℃) and mixed as described by Liu et al. (2018) . The suspension of each sample was serially diluted between 10 −1 to 10 −7 dilutions, and each diluted sample (100 μL) was subsequently spread onto duplicate selective agar plates for bacterial count. The number of cfu was expressed as a logarithmic (log 10 ) transformation per gram of cecal digesta. Cecal bacterial populations were detected using commercial media including chromogenic medium (HB7001) for E. coli, sulfite polymixin sulphadiazine agar base (HB0256) for C. perfringens, deoxycholate hydrogen sulfide lactose agar (HB4087) for Salmonella spp., and Gramnegative bacteria (Gram -) selection medium (HB8643). The media were purchased from Qingdao Hope Bio-Technology Co., Ltd. (Shandong, China).
Total mRNA isolation and cDNA synthesis for cecal samples were carried out as described by Liu et al. (2010) , and the transcript levels were expressed as the relative expression to actin-beta gene.
Quantitative PCR reaction was set at 10 μL with 5 μL of SYBR Green Master Mix, 1 μL of primer, and 4 μL of 10 × diluted cDNA or DNA. Plates were run on the ABI Prism 7900HT Fast Real-Time PCR System. All qPCR were run in triplicates on the same thermal cycles (50 °C for 2 min, 95 °C for 10 min, 40 cycles of Data were subjected to ANOVA and means (n = 6) were separated by Tukey's b-test at P<0.05 using IBM SPSS (version 23). The average of five rabbits per replicate was the statistical unit for growth performance, gut bacteria (Log 10 cfu), and mRNA expression of genes.
Variables were analyzed according to the following mathematical model:
in which Y ij = observation j of experimental unit subjected to treatments i, µ = general constant, β i = effects of rations with A. apiacea meal at different levels, and ε ij = random error associated to each observation.
Linear and quadratic equation of polynomial contrasts were used for the analysis of dose responses of A. apiacea meal at 25, 50, and 75 g kg −1 .
Results
Mortality of rabbits throughout the experiment was <5%, not statistically significant between treatments. The diets supplemented with A. apiacea Hance at 25, 50, and 75 g kg −1 improved (P<0.05) ADFI by 1.7 to 5.1% and ADG by 5.0 to 9.4% during 35-70 and 70-105 days of age (Table 4 ), but FCR was decreased (P<0.05) by 2.8 to 4.4% during 70-105 day of age. A quadratic response (P = 0.013) of herb doses was found on ADFI at 35-70 days, and a linear response (P = 0.009) on ADFI at 70-105 days.
During the whole period, diets supplemented with A. apiacea Hance at 25, 50, and 75 g kg −1 improved (P<0.05) ADFI by 3.4, 4.1, and 4.1% and ADG by 7.4, 7.2, and 7.5%, respectively. The effects of 50 and 75 g kg −1 doses on ADFI were more pronounced (P<0.05) than that of the 25 g kg −1 dose. Likewise, the three herb doses decreased FCR by 3.0 to 3.7%. The ADFI responded linearly (P = 0.001) and quadratically (P = 0.039) to the herb doses, but there were no dose effects on ADG and FCR.
As to cecal opportunistic pathogenic bacteria, compared with the control treatment, the three tested doses of A. apiacea Hance did not affect the population of E. coli (Table 5 ). The herb doses at 50 and 75 g kg −1 decreased (P<0.05) C. perfringens by 40.5 and 56.8%, respectively, and also decreased (P<0.05) Gram − by 9.5 and 23.5%, respectively. The herb doses decreased (P<0.05) Salmonella spp. by 16.9 to 23.2%, and the effect of high dose was more pronounced (P<0.05) than the low and middle doses. Significant linear responses (P≤0.009) of herb doses were found on the four opportunistic bacteria, and a quadratic response (P = 0.009) was found on Salmonella spp.
Compared with the control treatment, the three doses of A. apiacea Hance increased (P<0.05) mRNA levels of gut defensive peptides, including neutrophil peptide defensin 3a (NP-3A) by 22.4 to 38.3%, defensin beta 1 (DEFB1) by 17.1 to 28.8%, and galectin 4 (LGALS4) by 35.7 to 57.8%. The herb at 50 and 75 g kg −1 increased (P<0.05) the transcript levels of regenerating family member 3 gamma (REG3G) 
Discussion
In the present study, the addition of A. apiacea Hance at 25, 50, and 75 g kg −1 improved ADFI, ADG, and feed efficiency. Most Artemisia species have a wide distribution and high yield, are edible, and of medicinal character for humans (Lee et al., 2002 . In theory, these Artemisia species meals can be alternatives for forages or as natural growth-promoters for farm animals, especially herbivores. Indeed, Artemisia vulgaris meal added at 30, 60, or 90 g kg −1 improved feed intake and body weight gain of rabbits (Wang et al., 2019) . However, for non-herbivores, such as broilers, Artemisia annua added at 5 g kg −1 led to a lower ADG, but its zymolyte added at 1 g kg −1 increased ADG (Wan et al., 2017) . In contrast, Artemisia argyi aqueous extract prevented reductions in ADG and ADFI of broilers induced by lipopolysaccharide . In laying hens, Artemisia annua leaves added at 50 and 75 g kg −1 had no influence on egg production but increased yolk color and eggshell thickness (Baghban-Kanani et al., 2019) .
The improved growth performance by A. apiacea Hance was further demonstrated by the modified gut opportunistic bacteria in the present study. However, information about the antibacterial activity of A. apiacea Hance is very limited. Only an in vitro study showed that A. apiacea Hance suppressed the growth of pathogenic bacterial and fungal strains, including A. niger, C. albicans, B. subtilis, and S. aureus (Trinh et al., 2018) . Wang et al. (2019) found that Artemisia vulgaris meal increased gut beneficial bacteria and decreased opportunistic bacteria of rabbits. Artemisia extracts (PMI 5011, Santa or Scopa) increased the Bacteroidetes to Firmicutes ratio in mucosal samples in diet-induced obese mice (Wicks et al., 2014) . Artemisia princeps inhibited growth, biofilm formation, and virulence factor expression of S. mutans (Yang et al., 2019) . The antimicrobial mechanism of Artemisia species may include damage of bacterial membrane and inhibition of macromolecular synthesis (Gutiérrez-Del-Río et al., 2018) , which needs further study.
Gut epithelial tissue of the body is in direct contact with the external environment and is thus continuously exposed to large numbers of microorganisms. To cope with the substantial microbial exposure, epithelial surfaces produce a diverse arsenal of antimicrobial peptides that directly kill or inhibit the growth of microorganisms. The activity of epithelial antimicrobial peptides varies with the endogenous and exogenous factor of the host (Gallo and Hooper, 2012; Sierra et al., 2017) . This was consistent with the finding in the present study, in which the mRNA levels of gut defensive peptides were upregulated by the addition of A. apiacea Hance, and linear increasing responses were found on DEFB1, LGALS4, NP-3A, and REG3G, as well as quadratic effects on NP-3A and REG3G.
The NP-3A and DEFB1, as important members of antimicrobial peptides defensins, have direct antibacterial, antiviral, and antifungal activity (Holly et al., 2017; Kudryashova et al., 2017) . Besides, they are natural components and effectors of body innate immunity and have a potent immunomodulatory activity to infections (Jarczak et al., 2013; Hazlett and Wu, 2011) . The effect of A. apiacea Hance on the immunity of animals was not detected in the present study. The meal of its genus member, Artemisia vulgaris, increased blood levels of IgA, IgM, IgG, and lymphocytes in rabbits (Wang et al., 2019) . Therefore, A. apiacea Hance may have a similar effect on the body immunity by the defensin activity, which deserves further study.
The regenerating family is a group of small secretory proteins. Its member REG3G is a C-type antimicrobial lectin with the activity against Gram-positive bacteria, mainly expressed in epithelial cells of the airways and intestine (Matsumoto et al., 2012) . The information on REG3G gene in farm animals is very limited. A study showed that increased mRNA level of REG3G improved intestinal function of pigs by supplementing oleum cinnamomi in the diet . Interestingly, REG3G can be a trait indicator associated with weight gain from weaning to yearling of Nelore cattle (Terakado et al., 2018) . Similar results were found in the present study, in which dietary A. apiacea Hance positively influenced ADFI, ADG, and REG3G gene. However, Xia et al. (2016) argued that REG3G overexpression promoted β cell regeneration and induced immune tolerance in a nonobesediabetic mouse model.
Galectins, including
LGALS4, can mediate effective antimicrobial and immune-regulatory activities by recognizing self-like antigens on blood group positive microbes, and this form of immunity fundamentally differs from defensins and other cationic antimicrobial peptides that engage features unique to an intact microbial membrane (Zasloff, 2002; Ganz, 2003; Stowell et al., 2010) . In the present study, the addition of A. apiacea Hance linearly and quadratically upregulated the mRNA levels of LGALS4 in the cecum of rabbits, indicating that A. apiacea Hance can influence the activity of this antimicrobial peptide. Thus, it will be interesting to further investigate whether the LGALS4 activity regulated by A. apiacea Hance leads to immune responses associated with disease.
